Experiments with varying seawater flow rates (2.5 to 6.25 lpm) were conducted in order to observe the effect of different flow rates on the efficiency of CO 2 (aq) extraction from acidified (pH 4) seawater using the membrane contactor. The membrane contactor efficiency is defined as the measured rate of CO 2 (g) extraction divided by the rate at which CO 2 (aq) is flowed through the contactors. Since we know the amount of bicarbonate and carbonate in the solution, and we know that 99% of the dissolved inorganic CO 2 is in the form CO 2 (aq) at pH 4, we know the concentration of CO 2 (aq) in the acidified solution. A Liqui-Cel® X50 fibre type 2.5x8 Membrane Contactor was used for the removal of CO 2 from the titrated seawater. The membrane contactor has an inlet and outlet for vacuum and an inlet and outlet for the liquid solution, and in this way allows the vacuum stripping of CO 2 from the acidified seawater solutions. As shown in Figure S1 , the seawater flow starts from the acid tank, enters the membrane contactor through liquid inlet and exits from the liquid outlet back to the acid tank. The gas outlet is connected to the vacuum pump and then to CO 2 flow meter. The CO 2 coming out of the flow meter is released to open air. The gas inlet of the membrane contactor was kept plugged during the experiments for the optimal flow rate determination. All the experiments were performed under similar conditions using 0.5M NaCl/2.5mM NaHCO 3 solution. The following steps were followed for each experiment: (1) The tank was filled with 5 litres of 0.5M NaCl/2.5mM NaHCO 3 solution; (2) The solution was circulated through the system at the desired flow rates; (3) The vacuum pump was started (making sure the gas outlet from the pump is in bypass mode); (4) The gas outlet was connected to the CO 2 flow meter, providing a flow-meter offset measurement prior to acidification; (5) The amount of HCl required to bring the pH of the solution down to a value of 4 was added and stirred gently; (6) Stirring was stopped after the pH stopped changing; and (7) After the CO 2 flow rate dropped down to the previous level, the vacuum pump outlet was switched to bypass mode and the pump was turned off.
S1. Membrane contactor efficiency
Experiments with varying seawater flow rates (2.5 to 6.25 lpm) were conducted in order to observe the effect of different flow rates on the efficiency of CO 2 (aq) extraction from acidified (pH 4) seawater using the membrane contactor. The membrane contactor efficiency is defined as the measured rate of CO 2 (g) extraction divided by the rate at which CO 2 (aq) is flowed through the contactors. Since we know the amount of bicarbonate and carbonate in the solution, and we know that 99% of the dissolved inorganic CO 2 is in the form CO 2 (aq) at pH 4, we know the concentration of CO 2 (aq) in the acidified solution. A Liqui-Cel® X50 fibre type 2.5x8 Membrane Contactor was used for the removal of CO 2 from the titrated seawater. The membrane contactor has an inlet and outlet for vacuum and an inlet and outlet for the liquid solution, and in this way allows the vacuum stripping of CO 2 from the acidified seawater solutions. As shown in Figure S1 , the seawater flow starts from the acid tank, enters the membrane contactor through liquid inlet and exits from the liquid outlet back to the acid tank. The gas outlet is connected to the vacuum pump and then to CO 2 flow meter. The CO 2 coming out of the flow meter is released to open air. The gas inlet of the membrane contactor was kept plugged during the experiments for the optimal flow rate determination. All the experiments were performed under similar conditions using 0.5M NaCl/2.5mM NaHCO 3 solution. The following steps were followed for each experiment: (1) The tank was filled with 5 litres of 0.5M NaCl/2.5mM NaHCO 3 solution; (2) The solution was circulated through the system at the desired flow rates; (3) The vacuum pump was started (making sure the gas outlet from the pump is in bypass mode); (4) The gas outlet was connected to the CO 2 flow meter, providing a flow-meter offset measurement prior to acidification; (5) The amount of HCl required to bring the pH of the solution down to a value of 4 was added and stirred gently; (6) Stirring was stopped after the pH stopped changing; and (7) After the CO 2 flow rate dropped down to the previous level, the vacuum pump outlet was switched to bypass mode and the pump was turned off. Table S1 lists numerical values for the data plotted in Fig. 3 . Table S1 : Numerical values for the data shown in Fig. 3 .
S2. Prototype performance

S3. Calculation of CO 2 extraction efficiency
In this section we outline the procedure used to calculate the CO 2 extraction efficiency listed in column 6 of Table S1 and plotted in Fig. 3b . We define this efficiency as the measured rate of CO 2 extraction (column 7 of Table S1 and Fig. 3c) ] to be 0.02mM, 2.97mM, and 0.36mM, respectively. Using these same equilibrium relations and assuming the DIC stays constant, the concentrations can also be calculated as a function of pH, yielding the well-known fact that at a pH of 6, 5, and 4, the fraction of DIC contained in dissolved CO 2 is approximately 50%, 91%, and 99%, respectively. For the data in Table S1 and Fig. 3b , the efficiency is calculated by dividing the measured flow rate of extracted CO 2 gas (converted from the measured slpm to mol min ). The solution labelled as "RO" in Table S1 and Fig. 3 consists of 71.9g of Instant Ocean® sea salt per litre of DI water, and to calculate the efficiency for this system, a DIC concentration of 0.00668 moles/litre was used.
